cultivar Paiute, which originated from a single plant introduction (PI-109072) (Alderson and Sharp, 1994) that maintain productivity under periods of limited irrigation.
smooth brome Ͼ perennial ryegrass-hybrids. The DM production response across water levels was largely linear with a minor but signifi- et al., 1985b; Jensen et al., 1998 ] on marginally produccant quadratic component at lower water rates. Tall fescue was most tive semiarid rangelands. Johnson and Bassett (1991) responsive (i.e., produced more DM production) to increased irrigareported significant differences in water use efficiency tion rates. At lower water levels, meadow brome outyielded or-(dry matter produced per unit of water consumed) bechardgrass. However, when water was not limited, orchardgrass outtween accessions of perennial ryegrass, orchardgrass, yielded meadow brome. The RS hybrid and smooth brome had and tall fescue when grown under dryland and irrigated relatively low DM production at both low and high water levels. All conditions. With the ever-increasing demands for water species produced significantly (P Ͻ 0.01) more DM than perennial in the Intermountain West, there is a critical need to ryegrass at lower water levels. Under limited irrigation, tall fescue develop improved cool-season forage pasture grasses and meadow brome will produce more DM.
that maintain productivity under periods of limited irrigation.
A s early as the mid 1950s, Bateman and Keller Orchardgrass is a native of Europe but has been (1956) recognized that pastures played an imporgrown for over 200 yr in North America, where it occutant role in the agricultural economy within the Interpies an important place as a cultivated grass for hay mountain West. They concluded that as long as nearby and pasture. A breeding history of orchardgrass was valley bottoms or other public land not well suited for reviewed by Casler et al. (2000) . It is one of the major cultivation were available, pressure for more productive grass species for pastures in areas of high rainfall in the pastures remained secondary to that for cash crops.
Northeast, North Central, and Pacific Northwest regions Grazing on public lands in the West is becoming more of the USA (Hoveland, 1992) . It has been used west restricted by environmental pressures and a limited waof the Rocky Mountains where adequate irrigation is ter supply, particularly in the later portions of the growavailable. Its major limitation in the Great Basin is its ing season. Interest in maximizing the potential of prineed for high soil water supply throughout the growvate irrigated grazing lands has escalated. Productivity ing season. of these lands can be increased through genetically imPerennial ryegrass is a temperate perennial grass that proved plant materials and better and more intensive is indigenous to southern Europe, North Africa, and management systems.
southwest Asia. Because of its high forage quality, it is Breeding efforts in orchardgrass and forage-type peone of the most important pasture grasses throughout rennial ryegrass have historically been concentrated on western Europe, New Zealand, and the northwestern forage traits (yield and quality), disease resistance, and USA. It has become an important pasture species in adaptation to the more humid, temperate regions of the eastern Canada and southern British Columbia (Smolworld (Balasko et al., 1995; Casler et al., 1997; Christie iak, 1992; Balasko et al., 1995) . Within the Great Basin, and McElroy, 1995; Jung et al., 1996 ; Stratton and Ohm, perennial ryegrass does not persist in highly productive 1989). With the exception of the dryland orchardgrass stands for more than a few years unless it is reseeded to thicken declining stands. However, despite its short- A line-source irrigation system has been employed duces a nearly linear (Hanks et al., 1980) water application pattern with the amount of irrigation declining as to evaluate forage yield and seasonal forage distribution of orchardgrass and perennial ryegrass cultivars along a function of distance from the sprinkler line. The major limitation with the line-source sprinkler system is that with check cultivars of smooth and meadow brome, tall fescue, and RS-hybrid wheatgrass. Johnson et al. (1982) water levels (WL) are not imposed randomly for each plot. Consequently, a valid error term is not available and Rumbaugh et al. (1984) concluded that the linesource design would have merit in a forage breeding in the analysis of variance for testing the main effect of WL (Hanks et al., 1980) . However, the tests for genoprogram for evaluating genetic responses to water stress. The line-source sprinkler plot irrigation system protype ϫ WL interactions are valid, providing that the Only five harvests were taken in 1998 because of a very wet by a significant (P Ͻ 0.01) species by WL interaction September in 1998. Forage samples used to estimate dry matfor each year and in the analysis combined over years ter (DM) production were dried at 60ЊC in a forced-air oven (Table 1) . Within each year, the relative differences to constant weight. Dry matter production was analyzed as a were due to an increase in DM production and rank ter injury and had not recovered by the May 1998 perennial ryegrass had an increase in DM production at Harvest 2 (Table 2) . After rapid spring growth, DM harvest.
RESULTS AND DISCUSSION
Combined over years and within years, the decline production in general declined until the August harvests where at the higher water rates DM production rein DM production with decreasing water applied was mostly linear (P Ͻ 0.01) with a quadratic component mained constant or increased, particularly for tall fescue, smooth brome, and orchardgrass. (P Ͻ 0.05) in tall fescue, orchardgrass, perennial ryegrass, and RS-hybrid wheatgrass (Table 2) . Although
Orchardgrass Cultivars
the linear effect was significant (P Ͻ 0.01) in meadow brome, most of the decline in DM production was quaSignificant differences in DM production were found dratic (Table 2 ), in part because of an increase in DM among orchardgrass cultivars within each WL (Table  production from WL-3. The response curve of DM production to defor Dawn and Potomac to 8.9 Mg ha Ϫ1 for Sampson creased water in smooth bromegrass was linear (P Ͻ across WLs in 1997 and from 19.7 Mg ha Ϫ1 for Potomac 0.01), with the exception of a sharp increase in DM proto 8.9 Mg ha Ϫ1 for Sampson in 1998. Relative differences duction from 11.8 to 13.4 Mg ha Ϫ1 from WL-2 to WL-3. among orchardgrass cultivars for DM production were Tall fescue was the most responsive to increased WLs consistent across WLs in 1997 as evidenced by a non- (Table 2 ). Orchardgrass and meadow brome were not significant orchardgrass by WL interaction (Table 1) . significantly different in DM production when averaged However, that interaction was significant (P Ͻ 0.01) in across WLs (Table 2 ). Under WL 5 and 4, meadow 1998 due to a much lower decline in DM production brome produced more DM than orchardgrass, while and a rank change in Paiute between WLs 5 and 4 orchardgrass was more responsive to increasing WLs (Table 3 ). The dryland cultivar Paiute outyielded (P Ͻ (Fig. 1) . Despite the reduced total DM production in 0.05) the combined means of the irrigated orchardgrass smooth brome and RS-hybrid wheatgrass, forage procultivars at the lower two WLs (Fig. 3) . Within WLs, duction was relatively stable across WLs (Table 2) . Dry there was no difference in DM production between early matter production in perennial ryegrass was the lowest and late maturing orchardgrass cultivars. When averat lower WLs, but was responsive to increased WLs aged over years, WLs, and harvests, orchardgrass culti- (Fig. 1) (Table 2). vars Ambassador, Potomac, Paiute, and Dawn were not Seasonal trends in DM production of species across significantly different in DM production (Table 3) . harvests varied according to year. In 1998, there was an
The sum of squares due to linear trends in DM prooverall decline in DM production across species. During duction across WLs was significant (P Ͻ 0.01) for each 1997 and 1998, rapid spring growth was evident in all year and in the analysis combined over years (Table 3 ) species except perennial ryegrass, which had reduced for all orchardgrass cultivars. Quadratic trends for DM production were significant (P Ͻ 0.05) in 1997 and 1998, DM production during Harvest 1 (Fig. 2) . However, except for cultivars Potomac and Sampson, which were (Table 3) . Mean DM production ranged from 15.9 Mg ha Ϫ1 for Bison to 3.7 Mg ha Ϫ1 for Barmaco across WLs essentially linear in their response in 1998. in 1997, and from 13.2 Mg ha Ϫ1 for Bison to 4.4 Mg Paiute was least affected of the orchardgrass cultivars ha Ϫ1 for Barmaco in 1998. With the exception of WL-5, by the changing WLs ( Fig. 3; Table 3 ). Combined over Citadel and Bastion were the highest yielding perennial years, Latar, which is a later maturing cultivar, yielded ryegrasses combined over years (Table 3) . Combined more DM (P Ͼ 0.05) at Harvest 2; however, cultivars over years, tetraploid (2n ϭ 28) perennial ryegrasses Ambassador, Potomac, Paiute, and Dawn produced produced more DM at all WLs than did the diploids. more (P Ͻ 0.05) total DM than Latar across all harvests However, only at WLs 3 and 5 were ploidy levels differ- (Table 4) . Seasonal trends within orchardgrass cultivars ent significantly (P Ͻ 0.05) ( Fig. 5 ; Table 2 ). exhibited early spring growth followed by a decline in Comparative differences among perennial ryegrass-DM production. An increase in DM yield was observed hybrid cultivars for DM production were not consistent at the August harvests followed by a DM reduction in across WLs, as indicated by the significant (P Ͻ 0.05) early fall (Fig. 4) . During Harvest 1 in both years, DM cultivar by WL interaction across years (Table 1 ). This production was higher than expected at lower WLs (Fig. interaction was due to an overall decline in DM produc-4). Presumably this increase in DM production was due tion in 1998 and a rank change in Zero Nui from WL-4 to a build-up of nitrogen because of reduced leaching to WL-5 in 1998. in the soil profile at lower WLs.
With the exception of Zeo Nui, which was only linear in its response to increased WLs, linear and quadratic
Perennial Ryegrass and Hybrids
trends were significant in the combined analysis (Table  Mean DM production of the nine perennial ryegrass- 3). The quadratic response in perennial ryegrass resulted hybrid cultivars was significantly lower (P Ͻ 0.01) than from a relatively stable forage yield across WLs 1, 2, all orchardgrass cultivars and species evaluated at a and 3 followed by a decline at WLs 4 and 5 (Fig. 1) . given harvest across WLs and in most cases within WLs
Responsiveness of perennial ryegrass-hybrid entries (Table 2) . Differences among perennial ryegrass-hybrid to changing WLs varied. Intermediate ryegrass cultivar cultivars for DM production were significant (P Ͻ 0.05)
Bison and perennial ryegrass cultivar Zero Nui were in the combined analysis at all five WLs (Table 3) . Hythe most stable across WLs (Table 3) . Even though the brid cultivars Bison (annual ryegrass ϫ perennial ryeannual-perennial ryegrass hybrid Bison was the least grass) and Tandem (annual ryegrass ϫ meadow fescue) responsive as WLs increased, it had the highest DM production of all entries within each WL (Table 3) . outyielded all perennial ryegrass cultivars at all WLs Citadel was the highest yielding and most responsive cantly more DM than perennial ryegrass at lower rates of irrigation. perennial ryegrass to increased WLs (Table 3) .
Mean DM production varied significantly (P Ͻ 0.05) Except for Paiute, relative ranking among orchardgrass cultivars appeared fairly consistent at each WL within harvests for the different perennial ryegrass cultivars (Table 4 ). In both 1997 and 1998, the perennial (Table 3 ). The variation within orchardgrass cultivars for DM production was the highest at the lower two ryegrass-hybrid cultivars lacked the initial rapid spring growth exhibited by the other cool-season grasses at WLs, suggesting that plant selection for improved DM production in orchardgrass may be more effective under Harvest 1 with a subsequent increase at Harvest 2 (Fig.  2) . Tetraploid perennial ryegrass cultivars outyielded limited irrigation rather than at optimum irrigation levels. Of the ryegrasses and hybrids, intermediate ryegrass (P Ͻ 0.01) the diploids in Harvest 1 (Fig. 6) . However, in subsequent harvests, DM production was similar in (cv. Bison) shows the most promise as an irrigated pasture grass; however, additional studies to determine both ploidy levels. Severe winter injury, particularly in the diploids, contributed to the reduced DM production long-term persistence in the Intermountain Region are needed. bromegrass were less responsive to increased WLs than Asay, K.H., and D.A. Johnson. 1983 the other species (Table 2 ). All species produced signifi- 
